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COPBHHUOHHASA OUHCTKA WMAXTHBIX BOJ OT ®TOPA U BOPA
HA SAKOBJIEBCKOM MECTOPOXAEHHNH

Lens paboTe — SKCOEPHMEHTATIBHOES H2YMEHHS BOZMOKHOCTH CHIDKCHHA KOHUCHTPALHKH 3a-
TPAHAIOIIHX KOMIOHCHTOB B LAXTHBIX BOJAX SKOJIEBCKOrO pyIHHKA. MecneaoBamncs QH3HKO-
XHMHMECKHS MPOLIRCCH copOumH GTopuIos H GOPATOB B CTATHMECKHY H THHAMHYCCKHX YCIIOBHAX,
Pa3paboTAHBI PEKOMSHIALIHH [0 MPEIY PSKICHHIY 3ATPASHCHHA PEMHOH CHCTEMEL.

The purpose of this paper is experimental studies of the drainage water treatment from fluo-
rine and boron at the Yakovlevskoe deposit. Physical and chemical processes of fluorine and bo-
ron sorption in bath and dynamic experiments are investigated. Recommendations are worked ont
to develop an engineering barrier to protect natural water,

SIKoBNIEBCKOE MECTOPOXKIEHHE HAXOOHTCS
B 3anmagHOH vactu benroponckoro xenezopya-
Horo paiioHa KMA, B 40 kM ceBepo-3anagHee
r. benropona.

B paspese MecTOpOkACHHSA MPHCYTCTBYIOT
CeMb BOJOHOCHBIX TOPH3OHTOR — PYAHOKPH-
CTAJUTHUECKUi, HHKHEKaMeHHOYTONIbHBI, JBa
BOZIOHOCHBIX TOPH3CHTA IOPCKOrO KOMITIEKCa H
TPH — MENOBOTrQ KoMIuiekca. B Hactosmee Bpe-
MS COCTaB BOJ| PYJHOKPHUCTAJUNTHYECKOTO BOMO-
HOCHOTO TOpH30HTa GOPMHUPYeTCa Kak 3a Cyer
NOATOKa BREICOKOMHHEPAIH30BAHHBIX BOHO H3
riayOOKHX 4vacTed (DyHmAMEHTa MO TEKTOHHYE-
CKHM TpeIIHHAM, TAK M 32 CUET NePeTeKaHHs
fonee npecHBIX BOA U3 HIKHEKAMEHHOYTOJIbHO-
ro BOOOHOCHOTO TOPH3OHTa. Bombl pymHOKpH-
CTAJUTHUECKOTO MOPH3QHTA HMEIOT MOBBILIIEHHBIE
KOHLIeHTpaliu (ropa, Gopa u xmnopa.

Bonwl, oTkaunBaeMble U3 MaXThl, COPACH-
BAIOTCH B NPYA-OTCTOHHHUK, H3 KOTOPOTO MOTOM
no BopoHbeit Oanke noctynaoT B PsizaHoBCkHid
OpyA, Jaaee U3 KOTOporo neperekanT B Kpa-
MHBHHCKOE BOOOXPAHHITHILE. BonoxpaHHnmue
PacnonokKeHo B BepXOBEAX p. Bopcwiel, koto-
pas OTHOCUTCA K peyHol cucreme [lHempa;
APeHAKHBIE BOOBI PACCMATPHBAKITCA KAk OC-
HOBHOH HCTOYHHK 3arpA3HEHHA.

CpenHuii cOCTaB BOO PYAHOKPHCTAILIHYE-
CKOr0 BOJOHOCHOTO TOPH3QHTA, BKJIIOYAIOMIUI
OCHOBHBIE MakKpOKOMIIOHEHTBI, a TaKke 3Jie-
MEHTBI, KCHUESHTPALMH KOTOPBIX MPEBBIIAI)T
IJTIK, cneayomimii, Mr/m:
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KatHoHE
Na*+K* 950-1200
Mg™ 18-25
Ca™ 120-200
AHHOHEL
cr 1500-2000
S0~ 8-35
HCOy 230-280
JpyTHe KOMITOHEHTEI
B™ 1-3,5
F 4-14

3uaunTtenshoe npepbiiiedue TIJIK saduk-
CHPOBAHO TO XJIOpHA-HOHaM, (Topy u Oopy.
[MOK pas nmuTeeBHIX BOA, MI/JL MO XJIOpUI-
uoHam 350; drTopy — 1,5; 6opy — 0,5. Ussect-
HO, YTO TNPH MHIPALUHM B MOO3EMHBIX BOAAX
XJIOPHA-HOH BBICTYTAET B KAYECTBE HHEPTHOTO
Tpaccepa. B NpoTHBOMONOKHOCTE eMy (Top U
Oop moxBepiKeHbI MPOLIECCaM KOMIUIEKCOOOpa-
30BaHUs, COPOLMH H ocaxIeHHS B (popMe HH-
JUBHAYaNbHbIX MHHepance. KoHueHTtpaius
XKJIOPHA-HOHA B PYOHBIX BoJax Konebnercs B
IIHPOKHX TPEaeNiax, HO B CPEOHEM MPEBBILAET
[MTOK B 3-6 pas. B kauecTBe anbTEPHATHBBI U3-
BECTHBIM METOAAM OMHCTKHU BOABI OT XJIOPHIOB
(TakuM Kak JUCTHIUIALIMS, BBIMOpPaXKUBaHHE,
MeMOpaHHbIE METOABI U Jp.) MPEAOKEHO pas-
0aBneHHe APeHAKHBIX BOA MPECHBIMU A0 KOH-
LIEHTPaLMH, JOMyCcKaLeil UX ¢Opoc B peuHyIo
cerb. Jna paszbapneHus MokeT OBITE MONMyUeHA
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BOIA W3 HIKHEKAMEHHOYTOJNBHOIO BOLOHOC-
HOTQ TOpH30HTA, M0G0 M3 KpanuBHHCKOTO BO-
JOXPAHUJTHIIA.

B Bomax JAkoBASBCKOrO MeCTOPOMASHHS
¢rop murpupyer B dopme HoHa F~, koHUEH-
Tpauuu kotoporo npessimaioT ITJIK B 3-10 pas.
B npupoaHeix Bomax kKOHUeHTpauus dropa yiu-
MHTHPYETCS  PacTBOPUMOCTBEY  (uiroopuTa —
dropuna xaneima. Takum obpazom, ¢Top Mo-
JKET HU3BIEKAThCA U3 GUIBTPYIOWErocs pacTBo-
pa kak 3a cueT COPOLMOHHBIX MPOLIECCOB, TAK U
BcaencTere obpasosaHus GuroopHTa.

Pacuer ¢opm HaxokaeHHS 6opa B pacTBO-
pe, BBIMOJHEHHBIH € WCMONB3OBAHHUEM MIPO-
rpaMmbl PHREEQC, noxasbiBaet, 4T¢ npeod-
naparoweii gopmoii 6opa B APEHAKHBIX BOAAX
ABJISIETCA  HEAHUCCOLMHUPOBAHHAS OpTOOOpHad
kucaora H:BOs;, xommnnekcHble coequHeHHS
HMEIOT MOOUHHEHHOE 3HavYeHHe. B momseMHbIX
BOAAX SIKOBJIEBCKOTO MeCTOPOMKISHHS KOHIICH-
Tpauus Sopa npessimaer ITJK B 2-7 pas.

Jaa oUMCTKH IaXTHRIX BOA TpeNiaracTt-
¢l UCMONB30BaTh (GrubTpytowyo gamby, Ha
BePXOBYIO I'paHb KOTOPOH YKIAAbIBAIOTCA CIie-
LUHATBHBIE CMEHSEMBIE KOHCTPYKUMH («copb-
LHOHHbIE TIOPAKN»), COCTOAMME U3 CMeCcH
MECTHOTO MATEPHANa — H3BECTHSIKA U CYTJIHH-
ka. Mcrnonp3oBaHHE MECTHBIX MAaTEPHAIOB
3HAUUTEJBHO YACHIEBISET CTPOHTEALCTBO, TaK
Kak B ONHM3NeKamnX Kapbepax BO3MOXKHA OO-
ObIua H3BECTHSKA U CYTJHHKA. DTa 3alUTHas
KOHCTPYKLMSI OOJUKHA CHHXKATH KOHLIEHTPA-
muu Ppropa u dopa ao IJIK lamba momxHa
Takke OBITb DOCTATOMHO (HIBTPALHOHHOM,
uToObl He cosAaBancs noanop. Jlna onpenene-
HHSI COCTABA CMECH W3 M3BECTHAKA W TVIHHH-
CTHIX TPYHTOB, KOTOPBIE OTBEUANH ObI HEOD-
XOMUMBIM TPeDOBaHHAM IO MPOHHIIAEMOCTH,
HPHTOTOBIIIH HECKOJBKO THIIOB HCKYCCTBEH-
HBIX CMECEeH, pasJHYHbIX MO FPaHyIoMeTpHYe-
CKOMY COCTaBY. JTU CMECH HCCIIEOOBAIUCH B
GUNBTPALMOHHBIX NPUOOPaX MPH PANTHYHBIX
IPAOMEHTAX HAMOPOB Ui ONpedeNeHHs HX
koa3(duipienToB GunbTpaLHNL.

Hawmyyiwimy raopoarHaMUYecKHMH CBOH-
CTBaMH JJ1 YCTPOHCTBA 3alHUTHOH KOHCTPYK-
LUHH SABJSIIOTCA CMECH B MPOLEHTHBIX [0 Macce
COOTHOLIEHUSAX WU3BECTHAKA M CyrNuHKa: 80 K
20 u 70 x 30, GpuibTpyIOLHE BOAY MpPH Ipaau-
enTax mexee 0,5, [Ipu yBemuueHnn comep:kaHus

B CMECH TIIMHHCTOro Mateprana koddduumneHTt
GUIBTpaMH  COOTBETCTBYET  BOJOYIOPHBIM
nopoAaM, NMpH YMEHBIIEHUH — YBeJIHYHBASTCS
HACTONIBKO, HTO 3arpA3HAIOMINE KOMIIOHEHTBI
u3 GUNLTPYIOMErocs pacTBOpPa He YCMEBaloT
copOHpOBaTECA HA MOpoAE.

Jnst OlleHKH H3MeHeHMS KOHUEHTPALUi
3arPS3HAIOMNX KOMIIOHEHTOB MPH B3auMO#eii-
CTBHH ¢ TOPOAOH MpoBeAeHbl CepHH CTaTHYe-
CKUX U JUHAMHYECKUX OMBITOB.

CraTuueckHe OMBITH MPEACTABAAIOT CO-
60il BBITSDKKH ¢ OUCTUJUTMPOBAHHON BOAOH U C
MOIEJNEHEIM PACTBOPOM (PacTBOPOM, HMHTH-
PYIOIIUM KOHLIEHTPALIUH 3JIEMEHTOB JpeHAX-
HBIX Bon). Kpome Toro, mpoBoaunoce Hecaeno-
BaHHe OOMEHHOH eMKOCTH IJIHMH, KOTOpas Co-
craBuna 30 Mr-ske/100 r nopoxe!.

B oOMeHHOM KOMILIEKCe TTIHH MPHCYTCT-
BYIOT HOHEBI KJIBLIUS, KOTOPBIE MPU MPOXOKIL-
HHUH PacTBOpa OOMEHHBAIOTCA Ha HOHBI HATPHS.
3TO NMPHBOAHT K MOBBIEHHK) KOHUEHTPALMH
KaNnblMis B pacTBOpe U AOTIONHUTENLHOMY OCa-
KIACHUIO (PAIOOPUTA MO PEAKITHAM

Ca’* Na*
TK|Ca®* + 6NaCl+2F — TIK|[Na* +CaF, + 3CaCl,

Ca’* Na*

Na*

Na*

Na*

CratHyeckue SKCMePUMEHTHI MO3BOJIUIH
ONpeneNuTs MapaMerpel AN COpPOLHOHHOTO
paBHOBECHSA, HO He Jadd AOCTaTOYHOH HH-
dbopmaLuy s NpOrHo3a U3MeHeHHA KOHLEH-
TpaUuii B peansHoi cpene. Jng peweHus »ToH
33734 NPOBEIH AUHAMHYECKHE OMBITHI — TaK
HA3bIBAEMBIE OTBITH B «BBICOKUX KQJIOHHAX),
HBe BeICOKHE KOJOHHBI OBUIH 3alOJHEHBI CMe-
CBKO H3BECTHSKA H TIIHHHCTOrO Marepuana B
MPOLIGHTHBIX MO Macce coOoTHOLeHusx 80 k 20
u 70 k 30, Jlanee oHHU HACHIIATHCE AUCTHINH-
pOBaHHOI BOIOI, KOTOPAs 3aTeM BHITECHSIACE
H3 KOJIOHH MOJlensHbIM pacTBopoM. Ilocne
3alycka MOAENbHOTrO pacTeopa ObUT HayaT oT-
6op mpod Ha XUMHYECKUH AHAIH3 HA BBIXOOE
U3 KOJIOHH.

H3meHeHne KOHUEHTpaLHMH XJIOpa B IIPO-
L[eCCe IKCIePHMEHTA MO MepBoil KOJOHHE (CM.
PHUCYHOK, ) PacCMATPHBAETC KAaK WHEPTHEBIHN
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H3MeHeHHe KOHUEHTpaIRit XIopHA-HoHa (@) H Gopa (&) Ha BEIXOJE H3 KOMOHHE OGS 3aMycKa MOJIENEHOTO pacTBOpa

Tpaccep, CPaBHEHHE ¢ KOTOPLIM MO3BOJISET MPO-
AHATU3HPOBATE POJE PHUBHKO-XHMHUYECKUX [PO-
LIECCOB B MUTPALIMH OCTANBHBIX KOMIIOHEHTOB,

H3meneHue xoHueHTpauuii 6opa (cM. pu-
CYHOK, &), ¢ QMHOH CTOpPOHBI, MOKA3bIBAET, UTO
HCTIONB3YeMBIiT  MaTepuan He obecneunBaer
HEOOXOIUMOrQ CHUKEHHUS KOHIEHTpaluii Gopa
oo [TAK, a ¢ apyroii — yka3beiBaeT Ha MPOTEKa-
HUE COPOIMOHHBIX MpoLeccoB. QUeBHAHO, UTO
$uneTpyromas gamba He OACT CYLIECTBEHHOTO
CHUXKEHUs KOHUEHTpauui 6opa B TeueHHe IJIH-
TeJbHOrO BpeMeHH. HeoOxomum rouck Oonee
CHJIBHBIX COPOEHTOB.

JlaHHbIe SKCTePHMEHTA B BBICOKHX KOJIOH-
Hax (KOHUeHTpauus Ha Bxone 10 mr/n) ana dro-
pa MOJKHO O003HAUUTE CIISAYIOIHM 00pasoM.

O0beM NPOILEIIIETO pac- KomuenTtpaims

TBOpA, MI HA BRINOJE, MI/I
250 0,5
1000 0,7
1500 1,0
1750 0,7
2000 0,5
3006 1,1
3230 1,3
3500 1,5
4000 1,9

Bunno, 4T0 MpU NPOXONKISHUH YEPE3 KO-
JIOHHY OMNpeAeNeHHOro o0beMa MOAENbHOTO
pacTBOpa KOHUeHTpaums (ropa OCTaBanack B

npenenax [IJIK. ITono0HOe cHUMeHHEe KOHIIEH-
TpaUWi Heb3s OOBACHHTE TOJIBKO OCAKAEHHEM
{d)topa B coctare ¢moopura. Pacuetsr mokasbl-
BAaIOT, UTO Hapsny ¢ oOpasoBaHneM GuIOOpHTA B
CHCTEMe NpOTEKAlOT COPOLMOHHBIE MPOLECCHI
no cxeme obmena ¢ropa ¢ HAPOKCHIBHBIMU
rPYINaMy Ha TIMHUCTHIX MHHEpaIax.

Takum obpaszom, ¢uneTpytowas mamba
MOWKET ODeCreuuTh B TeueHUe AJUTENHLHOTO
BPEMEHH OMHCTKY OPEHAXHBIX BoA oT ¢ropa,
npuueM Ha nepsom stane no I1JK, a nanee oo
paBHOBeCHS ¢ GIICOPUTOM, T.€. 0 2,5-3 Mr/n

JaneHeHmne HccnemopaHud ObUIH  Ha-
NpaefieHbl HA TOMCK MATepUaNoB, CIOCOOHBIX
CHH3UTh KOHLEHTpauur Gopa npu npoxoxae-
HUM depe3 HUX ApeHaxkHbIX oA Ao IIJK. BeI-
yia uccaeaopaHa copbuus 6opa Ha Takux Ma-
Tepuanax, Kak OKCHA aJIOMHHHSA, OHOOpraHH-
yecKuii copOeHT (XHTHHOBLIH MAHLHMPL Kpepe-
TOK), a TaKkKe aKTHUBHPOBaHHBIH yronb, Hu
OMTH U3 ONMPOBOBAHHLIX MATEPHAIOB He 00ec-
MeYHsT OOCTATOYHOTO CHIDKEHUs KOHLISHTpa-
uuil, B HacTodiee BpeMda HCCIeOyeTcs copo-
uus Oopa Ha crneHHanbHO MOAOOPAHHOM MHU-
HepanbHOM HOHOOOMEHHOM Matepuane rpa-
HuoH D403,

Caenyionium 3TanoM paGoTel OyAeT npo-
BEIIEHHE OMBITHO-MPOMBILUIEHOTO HKCIEPU-
MEHTa [0 HCCANOBAHHIQ JUIHTENBHOCTH H
spdextusHOCTH paGoTH COPOUMOHHON KOH-
CTPYKLHH.

Hayuueie pyxkoBoautenu: a.r-m.H. mpod. P. 3. Jawxo, acc. M I Cmyxxeli
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